Abstract. During the process of warm water isostatic pressing process, the internal micro-channels fabricated in Low Temperature Co-fired Ceramic (LTCC) substrate are prone to collapse. In this paper, a three-dimensional model of LTCC microwave component is established by the finite element software ABAQUS, and the micro-channel deformation is studied by the simulation analysis of warm water isostatic pressing process. Results show that pressure is the main factor that leads to the deformation of micro-channel, and temperature is followed. At the same time, the microchannel with large width-height ratio-aspect ratio has large deformation. Choose smaller pressure 18 MPa and high temperature 80 ℃, microchannel deformation can be controlled below 15%.
Introduction
As the rapid development of modern technology, electronic product has expanded from traditional two-dimensional (2D) assembly to high density three-dimensional (3D) assembly. Low Temperature Co-fired Ceramic (LTCC) has become an ideal substrate material [1] for 3D high density assembly thanks to its perfect features: chemical resistance, hermeticity, low dielectric constant, matching of thermal expansion coefficient with the silicon and integration of passive components. Meanwhile micro-channels are easy to realize in the LTCC substrate, using liquid cooling, which can better solve the cooling problem brought by the highly integrated system. Warm water isostatic pressing with uniform pressure has become the most commonly used laminating process. The typical lamination parameters are 20 MPa at 70℃ for 10min. During lamination the green LTCC tape are properly joined together. However, the relative high pressure can usually result in microchannel deformation during warm water isostatic pressing [2] . To reduce the deformation of microchannel, sacrifice volume material (SVM) is used to fill the micro-channel during warm isostatic pressing process [3] . So far the study of the microchannel deformation of the LTCC isostatic pressing and optimization is mostly adopt the method of experimental research. In this paper, a three-dimensional model of LTCC microwave component is established by the finite element software ABAQUS. By simulation analysis of the microchannel deformation, the lamination parameters are optimized.
Micro-channels forming and deformation
The Micro-channel deformation in the manufacturing process is the main problems existing in the system manufacturing. General punch forming process is used firstly to form the 2D microchannel in a single green tape, and then the 3D microchannel can be formed after stacking, warm water isostatic pressing and sintering [4] . Warm water isostatic pressing, using the PASCAL's principle, the separate LTCC green tapes will finally join together under uniform pressure in every direction and the action of heat. LTCC green tape mainly contains of ceramic particles and glass material and organic material. During warm water isostatic pressing process, the rheological property of green tape increases as the lamination pressure rises. Micro-channel will collapse when lamination pressure exceed greatly [3] . The simplest model of green tape is of an elastic-plastic material [5] . Plastic deformation will produced when pressure exceeds the yield point of the green tape. With the increasing of temperature, the yield point decreases, therefore a lower lamination pressure is available. Considering of the time-varying deformation response of the LTCC green tape occurs due to the viscoelastic nature of the polymer system and the heat effect, viscoelastic constitutive model is more reasonable [6] for LTCC green tape during warm water isostatic pressing, especially in structures that contains micro-channels do not have isostatic pressure loading. In this paper, viscoelastic constitutive model will be used for LTCC green tape, and elastic-plastic constitutive model will be used for SVM.
In the finite element software ABAQUS generalized Prony model is used to describe the viscoelastic properties of material, generalized Prony model and generalized Maxwell model have the same mathematical description, which can better reflect the viscoelastic properties of material. The basic form of generalized Prony series can be given as follow:
Where ∞ G and i G are shear modulus, ∞ K and i K are bulk modulus,
t and
t are the relaxation time of Prony series. In this paper, the Prony parameters of viscoelastic model can be obtained by using ABAQUS to fit the green tape stress relaxation curve.
Structure of the LTCC microwave module
LTCC microwave module is fabricated by 25 layers of Ferro LTCC green tape, each layer with the thickness of 0.127 mm, 40 mm in width and 40 mm in length. The cross section size of the two main channels is 2.20 mm in width and 0.762 mm in height, and the cross section size of the eight branch channels is 1.0 mm in width and 0.635 mm in height. The two main channels connect the eight branch channels, which forms a channel network. Polypropylene carbonate material is filled in the microchannels as sacrifice volume material. The size of the gap between SVM and the green tape is about 0.1 mm according to the actual production process. At the same time, this paper mainly study of micro-channel deformation and other structures within the components such as electrical wiring, metal column and so on has carried on the proper simplification, as shown in Figure 1 . The entire model is divided by hexahedral C3D8T element, with the total of 41392 elements and 50869 nodes. The meshes of the microchannels are properly refined, as shown in Figure 2 . The water is heated to the specified value, and then the pressure is loaded. Warm water isostatic pressing involves a combination of heat and force, belongs to the thermal structure coupling analysis. This paper adopts the method of direct thermal structure coupling of ABAQUS simulation. In the process, heat convection and uniformly pressure is loaded on the model outside surface. The convection coefficient is 300 W/(m2·K). The entire model is in the force equilibrium state, free body constraints are imposed on it.
The whole simulation process is divided into five steps. In the first step the green tapes are heated to the specified temperature, and in the second step uniformly pressure is loaded on the model, and in the third step pressure remains constant, in the fourth step pressure is unload, the last step the laminated green tapes are cooled to the room temperature.
Simulation analysis

Typical warm water isostatic pressing process.
The main lamination parameters of LTCC water isostatic pressing process are pressure, temperature and time. In this paper, the influence of the three main lamination parameters on microchannel deformation is studied by the finite element simulation analysis. By the influence law of main lamination parameters on the micro-channel deformation, the lamination parameters are optimized. The typical lamination parameters are 20 MPa at 70℃ for 10min, the micro-channel height direction deformation will be extracted. Fig. 3 distribution of the total displacement after unloading The Figure 3 shows that overall shrinkage occurs after unloading, the micro-channel deformation is relatively large, the main channels and the branch channels happens to a certain degree of collapse. Result shows that isostatic pressing process can provide uniform pressure to make the component overall deformation, keep a certain roughness, but for the component that embedded micro-channel network suffers larger deformation due to uniform pressure [5] . The displacement of micro-channels cross-section on the height direction UZ can be seen in Figure 4 and Figure 5 . 5 branch channels displacement The simulation shows that the micro-channel deformation on the height direction is greater than the deformation on the width direction. This is because that the LTCC microwave module size is larger in x-y plane, but smaller in height direction. Under the relative high pressure it is easier to produce deformation on the height direction and the deformation tends to be greater [3] . At the same time, the sag of the main channel with the width 2.2 mm is more significant than the branch channel with the width 1.0 mm, while the main channel has a large width-height ratio-aspect ratio than branch channel [5] .
The influence of lamination parameters on micro-channel deformation.
Study of the influence of lamination parameters on micro-channel deformation, is to change the three lamination parameters pressure, temperature and time value respectively for simulation base on the typical warm water isostatic pressing process. Pressure takes 10MPa, 15MPa, 20MPa, 25MPa and 30MPa, temperature takes 50℃, 60℃, 70℃, 80℃ and 90℃, and time takes 8 Min, 10 Min, 15 Min, 20Min and 25 Min. The main channel cross section deformation on the height direction is obtained under various lamination parameters, the result is shown in Figure 6 . Fig. 6 the influence of lamination parameters on microchannel deformation From Fig. 6(a) , it can find that the main channel deformation increases with the pressure increasing, and almost close to be a linear relationship. When pressure is 10 MPa the deformation is 8.5%, while pressure is 25 MPa the deformation is 19.8%, the deformation is serious. When the deformation is 15%, pressure is about 16 MPa. Hence pressure can be considered to be near 16 MPa in the subsequent parameter optimization. From Fig. 6(b) , the main channel deformation also increases with the temperature increasing, but compared with pressure, the trend grows slowly. When temperature is 50℃ the deformation is 14.5%, while temperature is 90℃ the deformation is 19.2%. Indicate that when the temperature meets or exceeds the glass transition temperature of the organic binder, the material elastic modulus decreases [3] , under a certain pressure, micro-channel suffers great deformation. So a relatively high temperature is not adaptive in the lamination process. From Fig. 6(c) , the main channel deformation almost does not change over time. Compare with lamination pressure and temperature, the lamination time does not play a very important role which leads to the channel deformation. It may because that sufficient mechanical relaxation has taken place within the given time for LTCC green tape.
Lamination parameters optimization
Based on the analysis above, it can find that pressure is the main factor that leads to the deformation of micro-channel, temperature plays a relatively secondary role, and time actually not makes a significant contribution. Hence lower pressure and higher temperature can be chose for LTCC warm water isostatic pressing process. Pressure should be selected from the range of 15 MPa to 20 MPa, and temperature should be selected from acthe range of 80℃ to 90℃. And time can be much more to insure the LTCC green tapes can join together. However, low pressure is easy to cause de-lamination after sintering. To ensure the quality of LTCC microwave module without delamination, pressure should be close to the upper limit which micro-channel deformation is 15%. Comprehensive consideration, pressure takes 18Mpa, temperature takes 80℃, time takes 20 Min. To verify the feasibility of this assumption, simulation and sample making are compared, after lamination the main channel displacements are extracted respectively. The main channel crosssection displacements of simulation can be seen in Fig. 7 , and the result of sample can be seen in Fig. 8 . Fig. 7 main channels displacement Fig. 8 sample main channels displacement Results show that the simulation result tallies well with the result of sample making, the crosssections of main channels are mostly consistent. And the micro-channel deformation mainly occurs in the height direction of the channel cross-section. The height deformation is 12.1% after simulation. The sample is measured with the height of 0.680 mm, the deformation of 10.7%. Compared with the typical lamination process, the deformation reduced 6.3%. Indicate that using the optimized process parameters for the particular LTCC microwave component, micro-channel deformation could be effectively controlled below 15% after warm water isostatic pressing process.
Conclusions
In this paper, micro-channel deformation embedded in LTCC microwave component is studied by ABAQUS simulation analysis of warm water isostatic pressing process. Result shows that pressure is the main factor that leads to the deformation of micro-channel. The micro-channel deformation increases with the increasing of pressure and temperature, in contrast, time has a little effect on deformation of micro-channel. SVM plays an important role in supporting the green tape, can effectively reduce the deformation of the micro-channel. To control of micro-channel deformation during isostatic lamination process, lamination pressure must be first taken into account, lower pressure and higher temperature can be chose.
